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Introduction
'The intellectual property issue remains the most complicated thing we have to deal with,' says Pat Toole, general manager of I.B.M. Engineering and Technology Services. 'If we can all figure it out, farming out design will be a common model in the future. If we can't, it won't.' (New York Times, 30 December 2004) . The appraisal matches the results of a survey conducted by the Economist Intelligence Unit (EIU) in the same year, in which 84% of all executives state that they perceive the lack of Intellectual Property Rights (IPRs) protection in emerging markets as a challenge when outsourcing their R&D. In stark contrast to the emphasis the business world puts on IPR protection when outsourcing upper parts of the value chain, the issue has attracted little attention in the economic literature. This paper tries to fill this gap by analyzing how IPR protection determines the mode through which firms source complex products. The topic naturally connects two research strands.
First, it relates to a range of studies investigating the impact of IPRs on Foreign Direct Investment (FDI)(see e.g. Glass and Saggi, 2002 , Glass, 2004 and Branstetter et al., 2007 . 1 While the results in these papers directly hinge on the capacity and the costs of imitation in a destination country, Glass and Wu (2007) show how the phenomenon could also depend on the type of innovation. More closely related to our argument, Nicholson (2002) studies the mode choice of international sourcing and claims the fear of loosing a proprietary asset to be the main consideration when deciding between FDI and licensing. At low levels of IPR protection, technologically sophisticated firms tend to internalize. A more stringent IPR regime, however, mitigates the imitation risk and may induce a shift towards licensing. As these models do not make a reference to product heterogeneity, their propositions have been tested empirically using aggregate data.
Second, a series of influential papers shift the argument to the choice between purchasing from an affiliate, or from an independent supplier, where the latter gives rise to a hold-up problem when contracts are incomplete (Antràs and Helpman, 2004, 2008) . 2 A recent branch of this literature in particular highlights the role of technological intensity in creating hold-up problems in an outsourcing relationship. Acemoglu et al. (2010) find that the technology intensity of the final good producer has a positive effect on the probability of vertical integration (while the opposite is true for the technological intensity of the intermediate good supplier). 3 Grover (2007) interacts the intensity of the sourced input with technology transfer costs and confirms the results from Antràs and Helpman (2004, 2008) to only hold for a certain range of technological complexity of the input. More in line with the approach, Costinot et al. (2011) reinterpret the source of contractual frictions as arising from the non-routineness of tasks. Since these cannot be fully specified exante, ex-post adaptation becomes necessary. Due to better communication and less opportunistic behavior among affiliated parties, outsourcing only takes place for tasks below a certain complexity threshold. Focusing on the relation between technology and the outsourcing decision, the message is clear: Higher technology complicates the relation with the supplier and makes it optimal to vertically integrate. Yet, the role of IPR protection remains absent in these studies.
In this paper, we combine the two strands of literature above starting at the insight that the technological complexity of an intermediate or final good is an alternative determinant of a multinational 1 See Saggi (2002) for a review of the early literature on FDI and technology transfers. 2 Among the few studies testing these predictions at the firm-level, Defever and Toubal (2007) and Kohler and Smolka (2009) confirm the existence of an interaction between input intensity and firm productivity which shapes the organizational form of international production.
3 Without referring to the property rights theory, Abramovsky and Griffith (2006) come to the opposite conclusion. Past investments in information and communication technologies enable firms to purchase business service inputs from independent suppliers abroad as they lower transaction and adjustment costs. 1 firm's choice between in-house production and outsourcing. Antràs and Rossi-Hansberg (2009) suggest that past literature has focused too much on hold-up inefficiencies as the main drivers of the internalization decision and underline the importance of the effects of the nonappropriable nature of knowledge on the internalization decision of firms. In contrast to the existing studies, we depart from the hold-up problem but emphasize the interaction between the complexity of the sourced good and the IPR protection prevailing in the host country. We build a theoretical framework in which heterogeneous firms tend to outsource low complex goods. As complexity rises, firms are confronted with a trade-off between higher marginal costs in the case of trade with a related party and higher imitation risks in the case of sourcing from an independent supplier. Stronger IPR protection in the source country reduces costs associated with the imitation risk, while a higher endowment of skills (absorptive capacity) reduces the costs of technology transfer. Moreover, firms endowed with better technologies are clearly in a better position to face the extra costs associated with outsourcing. We show that a three-dimensional heterogeneity, namely complexity at the product-level, productivity at the firm-level, and IPR protection at the countrylevel, build up the decision of a multinational whether to outsource a product or acquire it through intra-group trade.
We test these propositions using data from a French survey which provides information on import transactions at the product-level of multinational firms and their sourcing mode by country. This information is merged with balance sheet and income statement data from which we compute firm-level productivity. The French data have the advantage to deal with firms that are part of a multinational network. This allows us to model the decision of firms with a related party in a given country whether or not to acquire their inputs from a foreign outside supplier. We argue that this choice is influenced by the level of IPR and the level of complexity of the sourced products.
We derive the complexity of a product group by merging three different data sets, (i) ratings of occupations by their intensities in 'problem solving' from the U.S. Department of Labor's Occupational Information Network, (ii) employment shares of occupations by sectors from the Bureau of Labor Statistics Occupational Employment Statistics and (iii) French make tables from Eurostat. We use a fractional logit model to account for the fact that our response variable is bounded between one and zero. The estimation results confirm the model's prediction that the probability of outsourcing increases with the productivity of a firm and decreases with the complexity of the good. The imitation risk of the source country matters as better IPR protection increases the probability of outsourcing. Likewise, better absorptive capacity increases the propensity to outsource by decreasing the costs of technology transfer. A sample split confirms IPR protection to only be relevant when firms outsource highly complex products.
The closest work to ours is Berkowitz et al. (2006) , which shows higher quality legal institutions located in the exporter's country to enhance international trade in complex products. They argue this to be due to a production cost effect, assuming the production of complex products to contain some degree of outsourcing, and hence depend on contracts. Better institutions enable the exporting country to cheaply and quickly enforce contracts and resolve business disputes by reducing the likelihood of hold-up on the production chain and will therefore also lower the production costs of complex products. Since these issues are less important for simple goods, better legal institutions enhance a country's comparative advantage in complex goods. 4 While Berkowitz et al. (2006) study the general impact of institutions on international trade in complex products, we explore the importance of a specific institution for the type of trade (intra-versus extra-group) undertaken by a firm with an exporting country. In addition, we use a specific measure of product complexity more adequate for our aim to differentiate products with respect to their technology content, whereas Berkowitz et al. (2006) use the Rauch (1999) classification to distinguish between simple and complex products. Finally, we base our study on the imitation risk faced by a multinational firm instead of contract-related issues, which has served as the basis of the outsourcing decisions in the previous literature.
The rest of the paper is organized as follows: Section 2 presents the proposed theory, Section 3-6 introduce the data, the empirical methodology, the descriptive statistics, and estimation results respectively. Section 7 concludes.
Theoretical Framework
We start by developing a simple theoretical framework, which helps us pinning down the main idea. Consider a world with J countries, in which a multinational firm already active in a country j ∈ {1..J} can procure intermediate or final goods from a related party (insource) or outsource production to an independent supplier: X ∈ {V, O}. Three different sources of heterogeneity drive the selection of firms into the different organizational modes: Firms are heterogeneous in the spirit of Melitz (2003) with respect to their technology, φ, products are heterogeneous with respect to their complexity, z, and countries are heterogeneous with respect to their protection of IPRs, λ, and their absorptive capacity, δ.
Consumption
The consumption of imports is subject to a Constant Elasticity of Substitution (CES) utility function,
where x(ω) refers to the quantity and z κ (ω) refers to the technological complexity of variety ω. Subscript κ ∈ (L; H) distinguishes between simple (non-complex) products, and more technologically sophisticated ones that maintain a continuous measure of complexity. In the rest of the paper, we normalize the basic level of complexity to one, i.e. z L (ω) = 1. Referring to the literature on product quality (see Hallak, 2006 , Hallak and Sivadasan, 2009 and Crozet et al., 2009 , the parameter γ ∈ (0; 1) captures consumer preferences for more technologically sophisticated products. This gives a complexity-augmented demand for imports of
with E as the expenditure and
as the price-complexity index.
2010).
Production
Multinational firms operate under monopolistic competition. Suppliers in country j transform homogeneous labor, the only factor of production, into intermediate or final goods that are sold to multinational firms at a price equal to marginal costs. Basic goods production involves only wage costs, w j . Under insourcing (V ), the multinational firm owns its supplier and has to payin line with empirical findings -a wage premium, α = w w j > 1, over the wage level in country j. Outsourcing (O) implies marginal cost savings, where independent suppliers pay local wages, hence, α = 1. Since basic goods production does not involve any fixed cost, sourcing from independent suppliers involves a (variable) cost advantage and is, generally, preferred over that from related parties.
We parameterize the costs associated with imitation risk as
where 0 < λ j ≤ 1 denotes the level of IPRs with a higher λ j indicating stronger protection. Notice that for simple goods r j (ω) = z L (ω) 1 λ j = 1, which implies the irrelevance of IPRs when products do not contain sophisticated technologies to be imitated. On the other hand, imitation costs are increasing in the level of complexity,
∂z H > 0, and decreasing in IPR protection,
Inequality 1 λ j ≥ 1 accounts for the fact that highly complex products are especially sensitive and require more protection. An increase in IPR protection lowers the imitation risk outsourcers face in country j, and this effect is stronger for complex products. 5 Multinationals own the property rights over the available technology in their affiliate. Insourcing therefore does not confront them with the risk of being imitated, hence r j (ω) = 1. 6
Complex goods production also involves a fixed technology transfer cost T (δ j ), which can be thought of as an effort to achieve a better fit of the independent supplier's production to the multinational firm's needs. We assume zero technology transfer costs under integration. δ j denotes the absorptive capacity in country j, where a higher δ j indicates more advanced local skills, hence better capacity by an independent supplier to learn and perform the customization required by a multinational. Technology transfer costs are therefore decreasing with absorptive capacity,
Since this cost is sunk, outsourcers are confronted with the risk of their transferred technology being imitated. The production technology is described through a Cobb-Douglas cost function,
with φ as the productivity a firm draws from a common distribution G(φ). Multinational firms charge prices with a mark-up over marginal costs,
5 This can be seen from the partial derivative
Note that lim λ→1 rj(ω) = 1, hence, the assumption that multinational firms fully control their intellectual property within firm boundaries is equivalent to country j providing full IPR protection.
Specifying the mark-up adjusted demand level as
EP σ−1 and using equations (2), (4) and (5), we derive the profits under both modes:
While both profit functions are increasing in productivity level, φ, profits under outsourcing
. T (δ j ) ensures the existence of a product-country specific productivity cut-off that is given by equating (6a) and (6b):
The cut-off is decreasing in α and increasing in z κ (ω), as long as the cost parameters associated with complexity exceed the consumers' strength of preference for complexity. Note that productivity of a firm is not a relevant factor in the outsourcing decision for simple products as z L (ω)
The probability that a firm with complex products decides to outsource is then given by the probability that it draws a productivity above the product-and country-specific cut-off,
The above equation suggests that a higher mark-up adjusted demand level, A, lower competition, σ, lower relative marginal cost advantage in the form of a high α, and higher absorptive capacity, δ j , decrease the productivity cut-off and thereby increase the probability that a multinational sources a product from independent suppliers.
Testable Implications 1. For simple products, product-level complexity, firm-level productivity, and country-level IPRs are irrelevant in the mode through which a multinational firm acquires a product. Firms are generally less inclined to outsource production of complex goods to independent suppliers, but are more likely to do so for (i) higher levels of IPR protection in the host country, (ii) higher levels of firm productivity, (iii) higher levels of absorptive capacity in the host country.
Proof Follows directly from equation (8) and the properties of product complexity z L (ω) = 1.
Data
We test the above developed hypothesis with data on the trade organization of French firms. The rich product and geographical breakdown of the data allows us to match it with a complexity measure at the product-level and an IPR index at the country-level.
Sourcing Mode
To capture the share of intra-and extra-group trade, we rely on information from a confidential firm-level survey, the French National Institute of Statistics and Economic Studies (INSEE) conducted in 1999. The survey provides information on the trade organization of French firms. 7 It is addressed to all French multinational firms which trade more than one million Euro and which are owned by manufacturing groups that control at least 50% of the equity capital of a foreign affiliate.
The survey provides a detailed geographical breakdown of French firms' imports at the productlevel (HS4 or CPA) as well as their sourcing modes -through independent suppliers and/or related parties. There are 2514 firms in the baseline sample. A French intra-group transaction is defined as trade with a related party which is either directly controlled by the firm (firm's affiliates) or controlled by the group to which the firm belongs (group's affiliates). Both types of intra-group transactions are treated as 'insourcing' in our theoretical framework and imply no risk of imitation.
Product Complexity
Our measure of product complexity is similar to Costinot et al. (2011) and Keller and Yeaple (2009 
where the weights, α and β, give the contributions of the two complexity components, importance i ∈ [1, 5] and level l ∈ [0, 7] . 8
In line with Costinot et al. (2011) , we assume that every country in the sample uses the same technology and rely therefore on employment information from the U.S. Bureau of Labor Statistics' Occupational Employment Statistics (OES). The 1999 data contains the number of employees by occupation in every three digit industry k (according to the Standard Industrial Classification (SIC)). 9 The occupational intensity, b k o , of each industry is then given by
where L k o is the employment level of occupation o in industry k. Although the SIC gathers data on those organizations, which work with or produce the same product or service under the same industry heading, it does not relate atypical products. By exploiting information on primary and secondary outputs of the French 1999 make table from Eurostat, we derive a precise product complexity measure, 10 7 échanges internationaux intra-groupe. 8 We tried different weights that have been used in the literature (see Blinder, 2009 and Kletzer, 2010) . We normalized the different scales of the complexity components to a [0, 1] scale using the min-max method,
where
gives the share of industry k in the production of each product. Table A .1 summarizes the 32 product categories in our sample ranked according to their complexity.
Other Explanatory Variables
The SESSI 11 survey does not provide information on firms' characteristics. We retrieve the information necessary to compute firm-level Total Factor Productivity (TFP) from the EAE 12 database. The data can be merged directly with the SESSI data thanks to a common firm identifier. The EAE contains information on the balance sheets and income statements of all firms located in France that have more than 20 employees from 1996 to 1999. It has firm-level information on sales, capital, labor and intermediates use, as well as the four digit NAF700 sector classification of the firm. 13 We calculate TFP following the semiparametric approach of Olley and Pakes (1996) , which corrects for the endogeneity of firms' input choices.
We restrict our analysis to manufacturing sectors. However, we do not consider the manufacture of food products, beverages and tobacco because the EAE has no information for these sectors. We exclude firms active in the manufacture of coke, refined petroleum products and nuclear fuel since the sourcing modes in this industry are likely to be determined by factors such as national sovereignty (Antràs, 2003) .
We have a measure of IPR protection from Park (2008) for the destination country. This measure of IPR protection is the updated version of the worldwide used Ginarte and Park index (Ginarte and Park, 1997) . It incorporates the effects of the TRIPS agreements of 1995 and it takes into account the revisions in national patent laws required to conform to international and regional agreements (such as the North American free trade agreement (NAFTA), European patent convention (EPC), African Regional industrial property organization (ARIPO), Cartagena agreement, among others). All the technical details related to the construction of the index are in Park (2008) . We measure the strength of IPR protection in 1995 (and 2000) which is available for 64 countries of the sample. Table A .2 summarizes the information for the countries of our sample.
Information on the population share with completed secondary education for 1995 comes from Barro and Lee (2010) and serves as a proxy for a country's absorptive capacity. As outlined in Section 2.2, we assume that higher absorptive capacity reduces the sunk technology transfer costs since it facilitates the training of the supplier. We calculate the wage premium affiliates pay as the difference between French wages and source country wages by industry in 1998. Both variables are taken from the CEPII Trade, Production and Bilateral Protection Database. We additionally employ a range of gravity variables, such as distance, GDP, the existence of a common official language or a common legal origin. All these variables are provided by CEPII.
Empirical Methodology
We start with the observation that not all firms in our sample entirely rely on one or the other sourcing strategy. In 13.06% of all cases, firms use mixed strategies even for sourcing the same product from the same country. To account for this, we use the share of an input that is imported by a multinational from an independent supplier located in a foreign country as the dependent variable. This share lies within the [0; 1] interval. Because many values are still at the boundaries, we use a fractional response model as in Papke and Wooldridge (1996) .
The next issue to resolve is that the SESSI survey includes multinational firms, which by definition, have at least one related party located abroad. This does not exclude the possibility that firms may only engage in outsourcing in a given country without having a related party there. However, our model aims at comparing the 'proportion' of business undertaken through an existing related party (intra-group trade) with that outsourced to a foreign supplier, given the complexity of the sourced product and the IPR protection level prevailing in the source country. The relevant measure of comparison is therefore the proportion of outsourcing versus intra-group trade, only when the firm has an already existing related party in a given country.
To correct for this, we follow Defever and Toubal (2010) and implement a two-stage estimation procedure. In the first stage, we analyze the likelihood of having a related party in the foreign country. This methodology is only valid if we can identify determinants of the binary selection variable outside the estimating equation, which explain the probability of having a related party. We identify two firm-level variables that are correlated with the presence of a related party and not with the sourcing choice: the number of French related parties, and a dummy variable that indicates whether a firm is owned by an Ultimate Benefial Owner (UBO). 14 Our specification also includes gravity determinants such as market size (GDP), distance, border, official language and common legal origin. 15 Furthermore, we add measures of trade and FDI openness from the Heritage Foundation and an entry cost variable in line with Djankov et al. (2002) . We also control for the firm's TFP. The second stage estimates on the sourcing choice include the inverse Mills ratio from the first stage.
Since the dependent variable is measured at the transaction-level, while our main variables of interest are measured at the product-(complexity) and at the country-(IPR) level, the i.i.d. assumption is unlikely to hold. We correct the standard errors by employing two-way clustering at the product-and country-level (see Cameron et al., 2006) .
Descriptive Statistics
This section presents descriptive statistics based on the sample of the second stage, i.e. including transactions only if firms have a choice between relying on a related party or an outside supplier in a given country. Table 1 shows the means (main values) and the standard deviations (values in parentheses) of the key variables of interest. In order to compare the two sourcing modes, we assign the value of 1 if the outsourcing share is ≥ 0.5 (outsourcing) and the value of 0 (insourcing) otherwise.
The descriptive statistics confirm that the average complexity level of a sourced product is higher in intra-group than in outsourcing relations. Further, outsourcing takes place, on average, more with suppliers from countries that exhibit better IPR enforcement and superior absorptive capacity. Finally, the average outsourcing transaction involves firms that are more productive compared to those that purchase from affiliates. These summary statistics are in line with our theoretical predictions that suggest IPR, absorptive capacity and productivity to be particularly relevant for outsourcers, which face higher imitation risks and technology transfer costs, than firms dealing with related affiliates. Table 2 displays the correlations among the main explanatory variables, separately for firms that source from within (upper triangle) and outside (lower triangle) firm boundaries. We observe a positive correlation between IPR and complexity and between absorptive capacity and complexity, especially in the case of outsourcing. This strengthens our predictions about the impact of these variables: Firms appear to source technologically intensive goods from independent suppliers only in locations where high IPR protection lowers their risk of being imitated and where a high educational level lowers their costs of transferring technology. Absorptive capacity and TFP are negatively correlated, suggesting that productive firms can afford to source from countries with less human capital. with stronger IPR protection. Countries, which receive high shares of outsourcing (e.g. Germany, Belgium, USA), are also among the countries that rank highest according to the Park index. By contrast, French multinationals highly rely on related parties when sourcing from countries with lower IPR levels (e.g. India, Jordan).
The correlation between complexity and the average outsourcing share by product group is negative as Figure 2 shows. Basic products, such as tobacco (16), are generally imported from independent suppliers, whereas complex products, such as IT-and telecommunication-related products (30, 32, 72) are largely, sourced from related suppliers.
Estimation Results
We start our empirical analyses with presenting the baseline results on the entire sample before splitting the sample to test for the proposed non-linearities in product complexity. We complement our analyses with various robustness checks.
Preliminarily Results
In Section 2.2, we have modeled the imports of intermediate inputs as a decision between two sourcing modes. Firms can import an intermediate input from a given country using an outside foreign supplier or from their own related party located there. There are, however, some firms that do not face this choice because they do not have a related party in a particular country. This is so because even if all firms in the sample have at least one related party located somewhere abroad, they may still import some products from outside suppliers in a country where they do not have a related party. We expect outsourcing in such countries to be mainly driven by marginal-costsavings, and imports to involve simple goods making the level of IPRs irrelevant.
In this section, we do not apply the selection methodology and run preliminary regressions on the full sample of 66,935 observations. We pool all types of transactions irrespective of the presence of a related party. The results are reported in Table 3 . Indeed, our results show that IPRs do not matter for the location choice across countries when simply deciding where to outsource the production of a given good. The negative and significant correlation between outsourcing and complexity supports our hypothesis that this is because such pure location decisions involve simple goods. Our analysis in the following section therefore takes another step to investigate the importance of IPRs in the choice between acquiring products (of different complexity) from a related party or an outside supplier in a given country. Table 4 reports the marginal effects of the two stage approach. In the first stage, we report the estimates of a probit model that analyzes the likelihood of finding a related party in a given foreign country. In the second stage, we analyze the effects of IPR and product complexity on the share of outsourcing and include the inverse Mills ratio from the first stage in the different models. The sign on the inverse Mills ratio indicates the nature of the correlation between the errors in the selection equation and the second stage equation. In our case, it is negative and highly significant irrespective of the estimated specification. This suggests that those firms most likely to have a foreign related party are also less likely to source from an independent supplier.
Baseline Results
The estimates of the first stage equation reveal that the presence of a related party is determined by the number of French related parties and the nationality of the UBO. As expected, both covariates enter significantly and positively in the selection equation. The estimate of firm's TFP is small and statistically insignificant. This suggests that the decision of setting up a related party in a certain country is not taken by the firm itself but rather by the group to which the firm belongs. With the exception of GDP and distance, most gravity determinants are insignificant. We find, however, that policies towards FDI, as captured by the FDI openness variable, affect the probability of having a foreign related party positively. The entry costs variable shows the expected negative impact.
The results of the second stage equation are reported in columns (S1) to (S7). The estimates of the IPR and complexity variables are particularly robust across the different specifications. They are both in line with our theoretical expectation. In particular, we find a positive and significant impact of IPR on the outsourcing share with a marginal effect of 0.05 in specification (S6). The estimate of the complexity variable is also significant. The marginal effect is negative and ranges from -0.374 to -0.439. 16 In column (S4), we introduce the absorptive capacity of a country. This variable, measured as the percentage of a country's population that has completed at least secondary schooling, is an approximation of the costs incurred by the ex-ante technology transfer. The marginal effect is positive and significant. This finding is in line with equation (6) which suggests that the technology transfer costs to customize the input to the multinational firm's needs accrue only in the case of outsourcing. A higher absorptive capacity lowers this cost and favors thereby outsourcing. 17
In column (S5), we add the one-year lagged TFP level of the French multinational. The marginal effect is positive and significant. It suggests that most productive multinational firms are more likely to outsource. In line with our theoretical framework, productive firms find it easier to overcome the technology transfer costs and tend to outsource a higher share of their international activities.
The IPR regime and the decision to source complex inputs may be correlated with some host country characteristics such as the corruption level and the level of investment risk. As Javorcik (2004) points out, multinational firms are less likely to operate with their affiliates in risky and corrupt countries. We include these additional variables in the estimation. The investment risk variable is the 1999 ICRG investment profile. It provides information on contract viability and expropriation, profits repatriation and payment delays. 18 We find that lower investment risk favors outsourcing. The corruption index is the 1999 Transparency International Corruption Perception Index which pools information from ten different surveys of business executives, risk analysts and 18 A higher index indicates a lower risk of investment.
the general public. The estimate is small and insignificant. The corruption level does not influence the sourcing mode of French multinationals. While the effect of corruption is insignificant, the introduction of the investment risk variable yields a more precise estimation of the IPR estimates.
In column (S7), we additionally control for the wage difference between the home country, France, and the source countries, J. Since the wage difference is positive only for less developed countries whilst the major part of French firms' imports come from well developed countries such as Germany and the US, the inclusion of the variable in logs results in a loss of over 50% of all observations. Although we do not find the predicted positive impact of the wage difference on the outsourcing share, it is interesting to observe that the effects of complexity and the IPR protection level become stronger for this sample. 19 The country's absorptive capacity and the quality of its business environment now turn out to have no impact on the outsourcing share. The corruption variable is negative and estimated with a very low degree of precision.
As shown by Hanson et al. (2005) , the trade activities of multinational firms involve intermediate inputs which are a key element of their global production network. We analyze the effect of IPR and complexity on the outsourcing decision of intermediate products. In Appendix B, Table B .1 reports the marginal effects using a sample containing intermediate inputs only. We follow the methodology developed in Defever and Toubal (2007) and identify imported intermediate inputs as purchased inputs registered in an HS3-digit sector other than the one in which the French multinational reports its main activity. The results are qualitatively similar to those reported in Table 4 . The marginal effects are, however, estimated with a higher level of precision, suggesting that the sample of intermediate inputs provides a better fit for our analysis.
Simple vs. Complex Products
We find that the level of complexity has, on average, a negative impact on the outsourcing share. A greater level of complexity should deter outsourcing because complex products are associated with a higher risk of imitation. According to equation (3), the decision to source products with a very high degree of complexity from an outside supplier should be strongly influenced by the level of IPR protection. In Table 5 , we investigate the effect of IPR and complexity on the sourcing mode, separately for high and low complex products. Table 5 reports the second stage equation, the estimation of the selection equation is similar to the one presented in Table 4 . The sample of high complexity products corresponds to all transactions with a level of complexity which is above the complexity variable median value (z = 0.279). The estimated marginal effects are presented in the upper Panel A of Table 5 . We report the results of the low complexity sample in the lower Panel B. As in the baseline regressions, we find that the inverse Mills ratios are statistically significant and negative in both subsamples.
The results of Table 5 show striking differences with respect to the effect of IPR on low and high complexity products. While for a high level of complexity, the levels of IPR and complexity are relevant for the sourcing decision, they do not appear to be relevant for low complexity levels. In Panel A, the marginal effects of the IPR variables are significant and vary from 0.05 to 0.073. We additionally find a negative and significant impact of the complexity variable. Interestingly, the marginal effects of the IPR and complexity variables are larger than the ones reported in Table 4 . These results suggest that the levels of IPR and complexity are even more important for the sourcing decision of highly complex products. The human capital endowment does not lower technology transfer costs for highly complex products. Notice, that the marginal effect of the IPR variable is more important in this specification. As suggested by our testable implications, firms need a certain productivity level to overcome the fixed costs associated with the sourcing of high complex goods from independent suppliers. The positive and significant marginal effect in Panel A confirms this. Concerning the results presented in Panel B, we still find a positive and significant effect of the absorptive capacity. A country's endowment with human capital favors the outsourcing of low complex goods. Confirming our testable implications, the productivity of a firm is irrelevant for the sourcing of low complex goods. Since we assume that basic good production does not involve high fixed costs, firms at all levels of productivity can outsource the production of these goods. Table B .2 in Appendix B reports the marginal effects using the intermediate inputs sample. The results are qualitatively similar and estimated with a higher degree of precision.
Robustness Checks
We provide two robustness checks: First, we use the Rauch (1999) classification to challenge our measurement of product complexity. Second, we employ the average measure of IPR enforcement for the period under study. Berkowitz et al. (2006) and Rajan and Lee (2007) reinterpret Rauch's product classification in terms of product complexity. Rauch (1999) classifies the four digit industries into different trading categories. Some products are quoted on organized exchanges, while others are quoted in trade publications, i.e. they are reference priced. We denote these two categories by homogenous products. Rauch classifies also other goods that are not homogenous. These products are "sufficiently differentiated that prices cannot convey enough of the information relevant for international trade: buyers and sellers must be matched in characteristics space" (Rauch, 2001 (Rauch, , p. 1187 . Berkowitz et al. (2006) and Rajan and Lee (2007) assume that homogenous products hold a lower level of complexity than differentiated products. We depart a little from their interpretation. The homogenous products category might also exhibit variation in product complexity (from pork to chemicals). But the levels of complexity or IPR for homogenous goods should not influence the choice of sourcing because the goods are standardized and sold to a wider range of firms. The IPR enforcement issue and the level of complexity should be more important for trade in differentiated products. These goods contain many characteristics that are difficult to fully stipulate in a contract and the success of the buyers and sellers match is not guaranteed.
In Table 6 , we report the marginal effects of the first and second stage estimations using this classification. Considering the sample of homogenous products, we do not find robust evidence that the levels of IPR and product complexity affect the sourcing choice. 20 We find that the levels of IPR and complexity influence the outsourcing share of differentiated products. The estimated marginal effects are in line with those of the baseline specifications.
The enforcement of the WTO agreement on the trade-related aspects of intellectual property rights (TRIPS) in 1995 may have changed the ranking of countries according to their IPR protection level. Even though the Park (2008) index incorporates these changes, the index for 1995 cannot account for the transition periods that were granted to transition and developing countries (until 2000) and to developed countries (until 1996) in applying TRIPS. Given these delays, it would be desirable to use an IPR index at a later date. Since the Park (2008) The results are presented in Table B .3 in the Appendix. The introduction of the alternative measure of IPR does not affect the impact of our variables of interest on the outsourcing share. The marginal effects of the complexity level enter negatively and significantly in the second stage equations. We find the average IPR index to have a significant and positive impact on the outsourcing share of multinational firms. The marginal effect is of an order of magnitude larger than the one found in Table 4 . Interestingly, the introduction of the average IPR index renders the absorptive capacity variable insignificant.
Conclusions
This paper has investigated the decision of multinational groups to source complex goods from independent or related suppliers. We have developed a theoretical framework that proposes the complexity of a product and the IPR protection level of a country as alternative determinants for a firm's choice between outsourcing and vertical integration.
As measures of the technological intensity at the product-level are not available, we have built a new measure reflecting the complex problem-solving skills involved in the production of a good. The estimations confirm the theoretical presumption that firms use independent suppliers when sourcing non-complex goods. When sourcing complex goods, costly technology transfer exposes firms to the risk of being imitated. This imitation risk increases in the complexity of the imported good and decreases in the level of IPR protection available in the source country.
The study confirms the hypothesis that firms outsource highly complex products to countries where their intellectual property is recognized. While IPR and complexity matter for the mode choice between sourcing from a related party or an outside supplier in a given country, IPR is less relevant for the location choice across countries when deciding from where to import a given simple product. Our findings are robust when considering intermediate goods, when linking the results to a different definition of product complexity, and when using an alternative measure of IPR.
As much as the paper contributes to understanding the internationalization strategy of firms and the differences between intra-firm trade and outsourcing, it bears an important policy conclusion:
The results suggest that attracting the upper part of the value chain requires building trust into the protection of IPRs.
Appendix A. IPR and Complexity Ranking
Appendix A.1. Product Complexity Ranking 
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